Summary: Isoenzyme patterns of lactate dehydrogenase (EC 1.1.1.27) in avian sera are described and compared with those of carp and some mammals. The predominant portion of lactate dehydrogenase in avian sera was concentrated in the muscular form of the enzyme (lactate dehydrogenase 5). Most mammalian sera (with the exception of rat serum) showed a different pattern, in which the main portion of lactate dehydrogenase activity migrated in the first three anodic fractions. Fish serum lactate dehydrogenase isoenzymes were distributed similarily to those of mammals.
Introduction
Five isoenzymes of lactate dehydrogenase 1 ) exist in tissues of most vertebrates. Their molecular properties and catalytic characteristics have been studied in detail (1) (2) (3) (4) (5) , permitting an explanation of their physiological functions and relative distribution, especially in heart and skeletal muscle cells. There are also many reports concerning lactate dehydrogenase isoenzymes in sera of healthy animals and humans, as well as in the sera of individuals with different organ disorders (6) (7) (8) (9) (10) (11) (12) . The detailed knowledge of these enzymes is important for clinical diagnosis both in human and veterinary medicine.
Despite a profound understanding of lactate dehydrogenases, there is a lack of data concerning their relative distribution in avian sera. This gap in our knowledge of these enzymes is probably due to the fact that electrophoretic techniques routinely used in separating mammalian lactate dehydrogenase isoenzymes do not produce a satisfactory separation of bird enzymes (3).
It is known that the charge of a protein and, therefore, its mobility in an electric field, varies with the pH of its environment. Maximum resolution is achieved when the proteins of interest have widely varying electrical charges. Conversely, no or poor separation of the proteins is achieved when there are only small differences in the electrical charges of molecules at a given pH ! ) Enzyme: Lactate dehydrogenase (EC 1.1. 1.27) value. Changing the pH of the electrophoresis media may alter the charges on respective proteins, thus producing a better separation. Generally, an anodic buffer system of pH 8.6 is chosen for separation of the five lactate dehydrogenase isoenzymes. At pH 8.6 their electrophoretic migration depends on the migration of the two pure types, i. e. the H 4 and MU forms (3) . The more widely the two homotetramers differ in charge (the case of mammalian lactate dehydrogenases), the more separable are the hybrids by electrophoresis. In the case of bird lactate dehydrogenases, the two pure types migrate relatively close together toward the negative pole at pH 8.6, and observation of the hybrid forms under these conditions is very difficult (3). To avoid this difficulty we chose a gradient of pH 3 to 9 for the electrophoretic separation of bird lactate dehydrogenase isoenzymes. By this technique we achieved a good resolution of all the five forms of the enzyme in both chicken and pheasant serum.
The aim of our work was to separate and characterize the relative distribution of lactate dehydrogenase isoenzymes in sera of avian origin. We compared the separation patterns with those of lactate dehydrogenase isoenzymes in the sera of some mammals and fish. Preliminary results of our work have been published previously (in Slovak) (13) .
Materials and Methods

Animals and serum samples
Sera from the following animal species were investigated: fowl, pheasant, fish, horse, cattle, sheep, rabbit, dog and rat. They were obtained from adult male and female, clinically healthy animals. The blood collection for the serum samples was performed by standard procedures. No haemolysed sera \vere used for the examinations.
Determination of total lactate dehydrogenase activity as well as separation of the isoenzymes were performed on the same day as the blood collection.
Catalytic activity of lactate dehydrogenase was determined using a colorimetric method according to Sevela & Tovarek (14) at 37 °C.
Electrophoretic separations
Lactate dehydrogenase isoenzymes were separated using the electrophoretic system PhastSystem (Pharmacia LKB, Sweden). Separation techniques were used as follows:
1. Gradient polyacrylamide gel electrophoresis with continuous 10 to 15% gradient gel zone and 2% cross-linking (PAGE 10-15). Separation conditions: 400V, 10.0 mA, 45 min separation time. Separations of lactate dehydrogenase isoenzymes were carried out with cooling at 4 °C and with a buffer system of 0.88 mol/1 Lalanine/0.25 mol/1 Tris pH 8.8.
2. Isoelectric focusing (IEF) with pH range 3 to 9 in homogeneous 5% polyacrylamide gel containing Pharmalyte® carrier ampholytes. Separation conditions: 2000 V, 2.5 mA, 15 °C, 20 min separation time.
Before their application to the gel, sera were diluted in 50 mmol/1 Tris/HCl pH 7.5 (1 : 3).
Detection and quantification of patterns
Lactate dehydrogenase isoenzymes were detected with nitroblue tetrazolium according to Michalek & Marcanik (6) . pi calibration kit proteins were stained with Coommassie Blue R. Phastlmage system (Pharmacia LKB, Sweden) was used for densitometric scanning (613 nm) of the pattern and for determination of the relative distribution of the isoenzyme fractions.
To identify individual lactate dehydrogenase fractions on the isoelectrophoretogram, the fraction nearest to the anode was designated lactate dehydrogenase 1, and that nearest to the cathodelactate dehydrogenase 5.
The relative distribution of the isoenzymes in sera was expressed as a percentage of total lactate dehydrogenase activity. The precision of the isoelectric focusing method for separation of the fowl lactate dehydrogenase (LD) isoenzymes was investigated using eight series of the same serum with eight samples in each of the series. The values of the coefficient of variance (CV) within series were as follows: 13% for LDi, 12% (LD 2 ), 6% (LD 3 ), 4% (LD 4 ) and 2% (LD 5 ). The values of the coefficient of variance between series (n = 8; 8 series) were 17% (LD|), 14% (LD 2 ), 8% (LD 3 ), 3% (LD 4 ) and 3% (LD 5 ). Figure 1 illustrates a typical densitometric pattern of serum lactate dehydrogenase isoenzymes of various animal species after their separation in a concentration gradient of polyacrylamide (10-15%). At pH 8.8 mammalian serum lactate dehydrogenase isoenzymes were separated with a good resolution, whereas bird and carp sera produced only one, somewhat diffuse lactate dehydrogenase zone under these conditions.
Results
A better separation of lactate dehydrogenase isoenzymes of bird and carp sera was achieved using gel isoelectric focusing with a pH range of 3 to 9 (IEF 3-9). Using the isoelectric focusing technique it was possible to identify five well resolved fractions, especially on the avian enzymogram. A typical densitometric pattern of the serum isoenzymes of fowl, pheasant, carp and some mammals after their separation in a pH gradient is illustrated in figure 2.
Lactate dehydrogenase catalytic activity and relative distribution (%) of its isoenzymes in sera of the investigated animals are given in Fig. 2 Separations of serum lactate dehydrogenase isoenzymes of various animal species in a pH gradient of 3 to 9; an arrow indicates the site of sample application.
Tab. 1 Lactate dehydrogenase catalytic activity (U/l) and relative distribution of its isoenzymes in sera of various animal species (X ± SD, n = 6) drogenase 5) (66%), followed by lactate dehydrogenase malian lactate dehydrogenases differ in the amino acid 4 (23%). Lactate dehydrogenase 1 to 3 occurred in low composition of their H and M subunits (15) . Comparing amounts with fairly similar proportions (3-6%) (tab. 1). avian and mammalian enzymes, the avian H and espeThe muscle isoenzyme was also the main fraction in dally M molecule contain more basic amino acid resi pheasant serum (44%) followed by heart homotetramer (23%). Hybrid forms of the pheasant enzyme, i. e. lactate dehydrogenase 4, 3 and 2 were present in smaller amounts (16, 12 and 4%, respectively). Most mammalian sera (with the exception of rat serum) showed a reverse pattern: the main portion of serum lactate dehydrogenase activity migrated in the first three anodic fractions, while lactate dehydrogenases 4 and 5 made only minor contributions (Tab. 1). The relative distributions of lactate dehydrogenase isoenzymes in mammalian sera ,· , * -χ ui ι ι ι j ι_ 1 1-ι " . listed m table 1 largely correspond to those published m the literature (68911)
The distribution of carp serum lactate dehydrogenase isoenzymes was similar to those of mammals, i. e. lact te dehydrogenases 1 to 3 were the major fractions (46, 2'6 and 15%, respectively) (tab. 1).
Discussion
KOC ™>,,· ι u u Λ ι_ τ τ Λ ^ . · has previously been observed that at oH 8 6 it ίς verv Λ L i dues, in particular histidine (15 fig. 2) . Their localization in the pH gradient was also different from that of mammalian lactate dehydrogenases.
From studies on the evolution and phylogenetic relationships of species (2), it is known that heart and skeletal muscle lactate dehydrogenases of mammals and birdŝ · ·* , .
have similar catal y tic properties. Presumably, the difseparate bird lactate dehydrogenase isoenzymes good resolution of all the five forms of the enzyme and The efficient resolution of all five forms of bird lactate to characterize their relative distribution in sera of healdeh y dr°g enase isoenzymes by exploiting their different thy individuals (tab. 1). Moreover, the technique of isopl values represents a major contribution to the detailed electric focusing revealed differences in electrophoretic understanding of these enzymes. We believe that the reproperties of bird, fish, and mammalian lactate dehydrosults described in this paper will find their application gen se isoenzymes ( fig. 2) 
